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TECHNICAL MEMORANDUM NO. 427.

SEAPLANE FLOATS AND HULLS.*

By H. Herrmann.

PART II.

For the sake of comparison, speeds and water resistance
are uniformly reduced to a tojal weight of 1000 kg (2305 lb.?,
The following results** were obtained by a comparison®** Qf;the

F-boats (designed at Fellxstowe) with the competing seaplane ~,?h

Phoenix "Cork" or "P.5" of the English Electric Gompany ,“d.‘****

Type g, st "P.e" Mk, I “P 5"
. ' & Nk. II . Nk IT1
Engine Rolls-Royce Rolls-Royce »-ﬁapler-Llon
Weight, light 2,100 Xb= 7,350 1b. J,OOO 1b.
Weight, loaded 12,700 1},600 A 12,500 .®
Useful load 2,600 4,250 " 4,500 *
Horsepower £, - 730 730 300
Speed at 2,000 ft. 87 5 mi./br. 10%.6 mi./hr. | 109.4 mi./hr.
Cllmb to 8 oco " - 7 min. |, . 4 min. 3 min.20 sec.
i 6 500 i z0 f1 v 15 ] 14_ min.
1 "10 000 " ’ - ao 25 ™
Service ce111ng 7,000 ft. 13,000 f4. 13,000 ft.

* From "Berichte Hnd Abhandlungen der Wissenschaftlichen Ge-
gsellschaft fur Luftfahrt," December, 19386, pp. 1236-153.
** Taken from "Flight," March 13, 1924.
*** Baker, G. S. Experiments Wltn ¥odels of Seaplane Floats.
: ~and .- British Advisory Committee for Aeronau-
Keary, E. M. tics Reports and Memoranda No. 483,
December, 1918.

***x Hope, Linton - Flying Boat Eulls. "The Aeronautical Jour-
© nal," August, 1920.
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1. Owing to their large bottoms, the F-boats (Fig. 33)
produced 12% lower resistance and less spray théi

the P-boats (Fig. 34), but leaped more easily.

3. The first step of the F-boat was then shifted 0.72 m
(2.36 f£t.) toward the front and the second step was
shifted backward, thus iﬁcréasing the water-resist-
ance by 12%, but improving the longitudinal stabil-

ity on the water.

3. The height of the epray thrown up above the P.5 (Fig.
25) was reduced by 0.8 m (1.97 ft.) by shifting the
rear step backward, but the stern post dipved into

the water.

En

4., Sharpening the edge of the step in the P-boat (Fig. 35)
for reducing the impact, resulted in an increase of
resistance and spray, owing to the reduction of the

effective portion of the bottom.

5. Lowering the step toward the inner part of the V-bottom,

as shown in Fig. 3£, produced a deficient separa-
-tion of the water and an exceedingly high water re-

sistance.

6. In all cases, leaping could be avolded by small nose-

heavy or tail-heavy moments.
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Investigations were also made for the purpose of replacing
the transverse step by one or several longitudinal steps* (Fig.
38 ) Howevef, this solution oanlnever be seriously dbnsidered,
even if it were hydrodynamically free from objection, owing to
the difficulties and expense involved in its practical realiga-
tibn. The resistance is already too high and decreases too 1lit-
tle beyond the critical speed (Fig. 39). The small planing an-
gle and the high water moments, which cannot be controlled by
standard horizontal tail planes, are in this case decisive,

The shape of the P.5 is subject to numerous changes.** Two
different ways of increasing its width were tested (Fig. 40).

The result is rather surprising owing to the slight influence
exerted by different loads on hulls of the same sige. Every in-
crease of width results in an increased resistance. Measurements
with different angles of the forward portion are of greater value
(rig. 42). According to Fig. 44, the load imposed on a hull can
be augmented without increasing the formation of spray, by rais-
ing the bow and extending the overhang. However, the water re-
sistance increases when the bow is raised. These conditions,

as shown by Fige. 44, in which the resistances refer to a total

weight of 1000 kg (2305 1b,), signify that, for a higher raised

*Baker, G. S. Experiments with Model Flying Boat Hulls. Com-
and - parison of Longitudinal with Transverse
Keary, E. M. Steps. Aeronautical Research Committee R&M

: No. 893, August, 1933.
**¥Baker, G. 8. Experiments with liodel Flying Boat Hylls and
and - Seaplane Floats. Possibility of Loading a
Keary, E. I Flying Boat, the Beam and the Angle Forebody
being Varied. British Advisory Committee
for Aeronautics R&M No. 655, Jan., 1920.
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bow, tﬁe siZe of the hull can be redgced, the formation of spray
remaining unchanged and the additional resistance being slightly
lower.

Based on these tests two new bow shapes were investigated
(Fig. 43). Their water resistance is also shown in Fig. 44.

The distribution of water resistance was determined by dividing
the model at the step and measuring the resistance of the front
and rear parts separately (Fig. 45). The resistance of the rear
part Wwgs negligible., The effect of reducing the width of the
hull* Wwas also considered (Fig., 50). The result (Figs. 51-53)
was most flaﬁtefing for Linton Hope, the pioneer designer of
shapes, who, owing to his experience in the motor boat line,

had anticipated that either reducing or increasing the width of
the hull would result in an increase of the resistance.

Very low wgter resistances were obtained during tests with
three hulls of high displacement at normal take-off speed**
owing to the fact that the take-off speed was low when compared
mith the sige of the hulls. This fact is clearly shown by Fig.
49, all the data being reduced to a displacement of 1000 kg
(2205 1b.). Compare length of hull, critical speed and water

Tesigtance with those in Fig. 44.

*Baker, G. S. Experiments with Lodels of Seaplane Floats.
and - British Advisory Committee for Aefonautlcs
Keary, E. U R&M No. 300, November, 1916.

**Keary, E. Ms - Experlments Wltb Models of Flying Boat Hulls and
Seaplane Floats. Comparison of the Vigilant
Straight Frame Type and Curved Section Flying
Boats. Aeronautical Research Committee R&M
No. 785, January, 1923..
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The air resistance of twihjfloats does not c&nsidérably]
exceed that of an older normal landinghgear.typet In_this
connection, measurements were made by Prandtl. Inves%£gations
on air resistance of hulle with open céckpits and ring mounts

were made VV the English.

It ie mrovg to oelleve tha+1thc P 5 wmthout step has a

'hlgher res 1stance. The cllmb1n? spead wis 24 m/s (7.7 ‘t /

seé-)f':The measuxements are” ‘verw accurate and ohlefly made

for comparison. Aoﬁording fb rgiatl,Jan entirely smooth stream—
line hody has a ooeffioient”df déig‘ UW fbf?approximately‘OsOS,
‘which is less than half itslnormal value' In:geneiali'twinfl
float seapl ; or mall llYlﬂg boats are aerodynamloally infer-
1or to alrplanes ni thelr oharacter1ét1¢é are 81m11qr. - On the
other hand & tw1n~englned flVlPQ boat ws in most cases, aero-

dynamlcallv qunerlor +o a tw1n*enalncd alrolane of the same

size. .f_?,; N sjf ,f’ T MS:_,"';' ‘-‘f: !'
] " Air Registances of Flying-Bost Hulls.
vﬂ?.y P8 Figure | Cy = g;'”"
Pas: 55 f 34 0.1170
p.5 - 'nlthout steps 34 . 0.1438
N.4 Titania 29 0.1048
N.4 Atalanta » 31 0.1074
F.3 1 a3 0.1290 |
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"=D;fferent Constructional Shapes

In 1iferature,;normal dqsigns are given less copsideration
than abnormal types.? In practice, figures available for such
séablanes are uqtally wréng Dcolgners of abnormal seaplanes
l@hoald alwayv bear in mlnd thet +here is no use 1ook1ng for new
shapes,.unless they pﬁocure 00351derable advunt&ge or permlt

avoiding expensive paﬁents.‘\ln 1y other case shapes and struc-

tu?élﬁparﬁs, which have prove ﬁ':tlsLactory should be retalnedi
Twinafibat seaplanes of 0.5 to 10 metric tons (1100 to 22500 1b.)
totalpweigﬁt, and flyl 12 boats of 0.5 to 16 tons (liOO tou

35270 lb;) have been bu11t. Apart from neaworthinéos tﬁevhull .
or float problem 1q'a questlon depending cn+1rpiv on the pUIDOqe’
for Wthh the seaplane is designed. If seaworthiness is not re-
qulred the tw1n—f1émt geaplane is superior to the flyigg éogt
for total welghts oelow 2 or 3 tons (4409 to €810 1b;)-?,A§6ve.
this 1limit "the problem has been solved in favor of the'fiﬁing
boat. For emall seaplanes the advantage may lie on either side

and sometimes both“solutions are of equal value.
A) "Twin-Float Seaplanes

A tw1n—float seablane is not muach ble than an agrplaﬁe
adapted to marine purposes. OWlng to the high transverse momen+s
front o2
of the 1ong/floats theue seaplanes requ1re larger vertlcal »&11

planes.. To ensure aood maneuverablllty on the water before the
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wind, the fin should be small and the rudder large. The pro-
peller should be 0.5 m (1.64 ft.) above the surface of the water.
The distance between the floats amounts to 1/5 of +the span. No
systematic investigations of stability on the water are as yet
available, Work is at present entirely based on experimental

data. The floate are divided into 5 to 7 water-tight compart-
ments to avoid sinking, in case one of them should spring a leak.
Thus far no investigations“have been made on the stability of a

leaky twin-float seaplane.

Comparison of Different Float Types

Short twin- | Step far aft. Sesgplane raised dur-
floats with | ing take-off by resulting nose-
tail float heavy wgter moment. Wien taking
used by the | off on rough water, better maneu-
British verability is ensured by means of
==/ = Navy. Flat | the elevator control. Alighting at
ﬂ‘ bottom a larzer angle then with long
< (Fairey). floats. Thus advantages for taking
————— — = Going out off and alighting on rough water.
1] of use. Long floating on rough water impos-
sible, owing to high forces concen-
. trated in the body (fuselage). Be-
Fig.54a sides, large angle of attack Te-
gults in premature take-off., In-
creased air resistance owing to bad
shape. High water resistance due
to bow wagve. To be adopted when
long flotation not necessary, but
take-off and alighting on Trough
watbter essential.
Long twin- Flat bottom. V-shaped aft to reduce
floats. impact on water. (Cen take off and
STIT—2 |Flat botitom | alight in seaway 4 at 70 km/h (43.5
German mi./hr.). Long flotation on rough
O standard water, if landing gear is strong
£ float. enough. High impact on water.
Going out Well suited for wood construction.
Fig.54b of use, High water resistance due to bow
Wa,ve »
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Comparison of Different Float Types (Cont.)

\S——
|
<O O

Fig.54c

Long twin-
floats.
V-bottonm,
Standard
American
type. Be-
coming more
used.

309 V-bottom. - Cut-away aft to ob-
tain larger margin when pulling on
elevator control. Appears to stand
seaway 4 at 85 km/h (53.8 mi./hr.)
owing to low impact on water. Long
floating on rough water, provided
landing gear sufficiently strong.
Shape well suited for metal con-
struction, Lighter than flat-bottom
type. Low water resistance due to
hollow lines.

=

Fig.b54d

Long cen-
tral float
with wing-
tip floats.
American
training
seaplane.
Becoming
more used.

V-bottom. Cut away aft to obtaln
larger margin when pulling on ele-
vator control. Advantages when
compared with twin-floats: lighter,
lower alr resistance, stronger,
simpler and lighter landing gear.
The compulsory wing-tip floats do
away with the reduction of weight
and alr resistance. There only re-
mains the advantage of a better
landing gear. Maneuverability on
rough water not so good as with
twin-floats. Seaplane may break

down if a wing-tip float comes off.

The above comparison shows the strong and wesk points of

different float constructions.

the Americen morine float has

the German standard flogt.

whereas the American float Tuns in a hollow wgve.
produced by models of the V-bottom type.

bottom run smoothly.

V-bottom floats rock slightly.

Iy is interesting to note that

a 33 to 35% lower resistance than
/

The German float has a bow wave,

Less spray is
Floats with a flat
On the

whole, floats with a V-bottom are much superior to floats with-

out a V-bottom. The distance between the floats exerts a small

negligible influence upon the resistance.

The laonding gear should absorb the impact and the stresses
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fbetween the fleats &urlng 1ong floa 1ng on

v‘vthe landlng gear had a great numher 0£__,$ 

:subgeqt to a.thorough,statlczcalculatlon. 'Thevfolld@iﬁgfi r

must be taken into consideration:

1. The front impact at 1/3 bottom length erm‘théxbpwayuﬂhyuif
2., The impact below the step. ‘

3. The impact of the rear part.

4, The moment of torsion around the longitudinal axis.

5. The lateral impact drawing the floats asunder or
pressing them together.

6. Combination of different forces as, for example, front
impact on the right float and below the step of the
left float, in addition to a moment of torsion
around the longitudinal axis. Thls case occurs
when alighting at an angle of 45° to the waves.

Under these conditions, the stresses may be higher than an

ilmpact on the right side of the front part and on the left side
of the rear part in addition to a moment of torsion. Fig. 58
is a typical example of a landing gear which is not seaworthy,

since the transverse forces and moments of torsion acting be-

tween the floats around the longitudinal axis are not suffi-

| 01ently absorbed.

The follow1ng values are glven by Lewe* for seaworth‘ sea~,

{ ssued as H A.C A. ;echnlcal ﬁemcrandum 
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for floats without V-bottom:—

Front impact: six times the weight,

Rear impact: four times the weight,

Lateral impact: two times the weight of the floats.
The forces increase with the square of the alighting speed rela-
tive to the water. At seaway 4, a head-wind equal to half the
take—off speed must be taken into comsideration. Hence, when
the minimum speed in the alr is increased from 70 to 100 km/h
(43,5 to 62 mi./hr.) the speed Telative to the water changes
from 35 to 65 km/h (21.7 to 40.4 mi./hr.,). The squares grow from
4900/10000 = 2.04, to 12330/4350 = 13.5. Of course this calcula~
tion is confined to the'impact of high waves when alighting on
rough water,

Lower forces are created, 1f the landing gear is elastic,
since, in this case, the impact does not fully develop. It is
difficult to determine the proper degree of elasticity. Cables
and wooden struts are the best means of achieving flexibility.
Attempts were frequently made to provide floats with shock ab-
sorbers but these devices were never definitely adopted. This
was probably due to defective arrangement. The welight of the

floats should naturally be deducted in landing gear calculations.
B) Flying Boats

For a total weight of 3 to 5 metric tons (6614 to 11033 1b.),

the'flying boat is superior to the twin-float seaplane. The
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main reasons are:

15 General‘consideratiohs
Multi-engine principles are applied to seaplanes of such .
size and the twin-float seaplane is also equipped with 1a£erai
power units. The hull of a flying boat is more roomy than the

fuselage of a corresponding airplane.

3. Seaworthinegs
4 flying boat of such size is seaworthy, provided the alight-
ing speed is sufficiently low. Very high stresses are crected
between the floats of a large twin-float seaplane vhen floating
on a rough sea.
3. Air Resistance
Except for the step, the shape of a flying boat is aerody-
namically quite saiisfactory. Consequently, a flying-boat hull
including wing-tip floats, has less air resistance than a corre-

sponding fuselage with floats and landing geav.

4. TWater Resistance
Practically, hull and V-boitom floats are of the same value,
but the hull is greatly superior to the German flat-bottomn
 float, Large flying boats have often less resistance than large
tﬁin—-fl.oa“t seaplanes. ‘ .
5, Weight
A mu;ti«engine, twin-float seaplane is much heavier than a

corresponding flying boat.
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6. Maneuverability

A leing boat of such size is more easily Maneuvérabléyéﬁf ji75
the water. ‘ o n

No wonder that the ambition of most designers tempted them
to work their own way in the development*of these large-siged
seaplanes, the result being a great variety of types. Several
types are repioduoedlin Fig. 68 for compariéon. Nose-heaviness
in gliding is a result of the propeller thrust acting above the
resultant of the resistance. It can be reduced by good aero-
dynamical prdperties.

Longitudinal_stability on the water results from the long
bow which 1s also required for other reasons. The determina-
tion of the stability of leaky hulls can be based upon investi-
gations on the stability of leakykships. The lower wings should
be 1.5 m (4.92 ft.) above the water and the cockpits at least
0.9 m (2,95 ft.). ,

Transverse stability calls for special measures unless the
double-hull principle be adopted. The following measures must
be considered:

1 Wing~tip floats above the water line. Most extensively
used. Owing to negative metacentric height the flying boat
at rest lies on one side. When taking off, it is straightened
by water forbes, The wing-tip float has a sharp V-bottom and |
’  bCW'ﬁO;p10W the waves more easily. Its top is highly cambered

~ to ensure good flow—-off of the water. The air resistance of
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~ them is that the seaplane breake down if
2. Wing-tip floats below the water line are used

cases. They must be strongly V-shaped to avoid high 1mpagt~onvfﬁwa?

the water when alighting. These floats come~off~mére<e&éilyfif5ffjﬁk
than those lying above the water line. 1In this case, a break-

down of the seaplane is unavoidable. Ailr resistance and weight

of the float exert a considerable influence. .Turning with such

floats on rough water is nearly impossible.

3. Chines, wing stubs and wings dipping in the water are
seldom used, owing to difficulties resulting from patents. Very
large chines, as used on English flying boajs,‘may raise the
metacentric height so far as to make wing-tip floats superfiu—
ous. However, it is more advisable to use wing-tip floats, ow-
ing to the high-water and air resistance and weight resulting
from the necessary widening of the hull, which is partioulaxiy
great for small flying boats.

The lower wing of biplanes may be designed to dip in the

‘.1W*ﬁer. An example is shown in Flg. 69. Up to the present time

'1'W1ng and its aﬁtaﬁhment Ilttlngs Whl‘hf ”“




‘meeyyshould be set at a sufflolenﬁly 1

' ;shauld be. 1ncreased when the size of the flylng bo t;

' f§rhe~pamt of~the W1ng,baok of the~ream SpaﬁflSHGU$w“
a Teduction of the lateral moment of inertia of the water line
through overflowing of the suction side for any position of roll.,
Thereby the resistance of the section is not excessively in-
creased. The induced drag and angle of wing setting are of

course Tather large. Wing stubs are not suitable for biplanes.

The use of metal in float and hull construction is steadily;
increasing. Wood gets easily soaked. With regard to durability,
it must be chiefly taken into consideration that wood decays,
steel rusts and 1light metals corrode. The practical difference
between wood and metal construction is usually exaggerated. The
~advantage lies with the metal hull and float. Protection
agaiﬁst aﬁmoépherio influences is equally important for all ma-

_ terials. Water is 800 times heavier than air. Air containing

b of water produces an 8 times higher dynamic pressure. Atten-




~ Tough water. The designer should clearly visualize the stresses

engendered in all structural parts by‘elastic deformatioﬁ; re;
sulting automatically from impacts which, for wood and duralu-
min, are not small.

" The best floats have probably been built in Germany. The
English Linton Hope hulls, now built by The Supermarine Aviation’ ;
Works, Ltd., are the best wood hulls. When dry, theyvare slight- .
1y lighter than the corresponding English metal hulls. Without
doubt the weight of metal hulls, to be built in England after
suffiCient experience is gained, will nbt exceed that of wood
hulls. However the advantage resulting from lower Weight be-
comes fully apparent When the wood hull gets soaked Germény and

,America lead in the oonstruotlon of metal floats and hulls.f

Metal floats and hulls are usually built on bulkheads. To




Metal hulls 1nvolve a con61derably hlgher ,
advantages and dlsadvantages of Wood and metal are best

r?xnfltaly, Where the Savoia and Dornler flylng boaﬁs,ame~ﬁa k

(The directors and personnel of the Dornier metal aircraft fac-
tory at Pisa are all Italian.) Italy does not‘have large re-
sources. Consequently, she does not want to pay a much higher
price for only a slight increase of useful load and she has
"‘not, thus far, bought a single Dornier Wal. The fact that metal
is more weatherproof becomes negligible where there is a good
ground organization. Conditions were different for Spain 1n
the Moroccan warT. ‘
Strength calculations should be governed by the following
considerations: The bottom often receives heavy local impacts,
which are tramsmitted by the covering to the bulkheads and the
lpngitudinal structural members and hence to the engine and wing
stiuts. On one side, the force ig distributed over a large

niarea, Whereas on the other side, it is concentrated at a few

o On rough watex, 1t frequently occurs that‘bow and s

;d by tw_ d ,}arent waves‘ The central p T

 ond sub;ect to bendlng stresses. ‘Thﬁrﬁsz¢ﬂﬁf




The superlorlty is due to tﬂe faﬂt

fﬁdevelopment of all structuxfa parts extended ov

Oien‘ﬁly long period of time (during the period of the llmita:blon'ﬁ_?

of aircraft building). Most types in Fig. 88 can be brought to
the same degree of perfection if enough time and work are spent
on them,

Although we Germans must realize that we are far behind
other countries in the construction of float seaplanes, we
should comfort ourselves with our superiority in the construc-
tion of flying boats and with the hope of producing better float
seaplanes.

Discussion

Dr, Madelung: Mr. Herrmann suggests that, in addition to
his model tests on float buoyancy and resistance in motioﬁ, sim-

lar tests on their stablllty at rest be conducted. Such model

J1: ["Denteche
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Model tests are not required far ordlnary s;_

But as soon as obllque positions of immersion; 1&rge

~compllc ted float shapes or even leakages must be t'

considergtion, the application of graphical - shlpbulldlng'm
becomes lengthy and intricate. Then there arises a demand for
an experimental method. It is expected that these tests and
their application will be simple and comprehensive,

Mr. Herrmann has given careful consideration both to flying
boats and float seaplanes. I find no mention of the single-
float seaplane, which is of standard construction mounted on a
central float. Strange as it may seam, this seaplané_type is
neglected in Germany. I think there is a certain prejudice
agalnst it, because its advantages are not known. Still it was
recommnended to me by Commander Richardson, U.S.N., as being par-
ticularly seaworthy. I#4 is used in America as a training air-
plane and as a shipboard seaplane in the Navy. I was told this
is due to the fact that single-float seaplanes are the only
aircraft which can be catapulted. This affirmation is not cor-
rect. Twin-float seaplanes can be catapulted in the samé waye

The single-fléat type is particularly advantageous, owing
fo its great strength. It does away with lateral impacts‘and
 unequal load conditions which are difficult to absorb. The
front portion of the float, which is subjected to great stresses

_on striking a wave crest, can be'bracedffrom‘the engine mounting,

in-float seaplanes are used in the American Navy only when
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strlctly requlred as for bomblng mnd terpedom

fwhen a free space veneath the luselage is essentihl fo;fhm

~wing Seaplanes, where wing-tip floats would require tooilcng7:ﬂT .
struts, and for very small seaplanes ( submarine seaplaneé)u‘f‘

Mr. Herrmann claims that a damaged wing-tip float entails
the breakdown of the séaplane. I cannot agree with him; Even
if o wing-tip float should eventually come off, a reserve float’
chamber could be arranged above it in the wing, for example;_
0f course this method can only be applied to low-wing seaplanes,

which are extensively used in Germany.

H, B. Helmbold: I should 1like to make some comments on

the application of the results of float-model tests to full-
sized floats. The flow stresses created are subject to the in-
fluence of gravity and tenacity. Hence, according to the mechan-
hical laws of similarity, no absolute mechanical gimilarity can

be obtained with a model test. Anyway, the influence of gravity
is such that the curves obtained by plotting the resistance (ox
drag) coefficient a§¥7§ of the floats agaipst Froude's number

J:;f do not lie very far apart. The remaining divergences are

then due to differences in the Reynolds Numbers %%’ % sopeate
" ff@m p1ate~friétion measurements that the model has a compaTa-

tlvely hlgher skln friction than the actual seaplane but it

“‘9-~seems as ﬁhough the recl observed increase of relative frictlon E

_t@o hlgh to be caused direotly by Triction. ,Moreover,kthe
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value of the critical Froude number changes when appl

le‘ ~This attitude is explaiﬁed‘by the{ﬁééeghe vy

Whioh ig probably due to the increasec 6f the ﬁedeiMSKiﬁ f,
and to the increase of the thrust component acting hlgh abovef ;’;f7?
the float and required to maintain the forces in equlllbrlum.ﬁ

’This assumption is confirmed by the fact that changes of the
resistance curve of the actual seaplane can be produced by ex-
erting o nose-heavy trim moment (i,e., shifting the c.g. of the
actual seaplane to the front), these changes corresponding to

those arising from the reduction of full-size data to model data.

Captain Boykow (retired naval captaind: The lecturer claims

that o single-float seaplane or a flying boat breaks down if one
of their wing-tip floats comes off. This may be a little exag-
gerated. The danger resulting from a float coming off must be
somewhat similar to that encountered by a train running past the
stop signal. Accideﬁts'may occur in some cases, but stop sig-
nals are often run past without causing troublé. I consider
there’is about one collision every 50 times a train runs past o
stop signol. The same proportion man probably be applied to

‘plamos 1081ng a w1ﬁg—t1p float. I Xknow of several oases,‘l

n‘wlng~tip floaﬁs were actually crushed in at the take»ozf

f_‘wlthout preventlng tna seaplwne from alighting in exoellent con--

‘xon after a completed flight. I even Wltnessed a case When

b flo;afi:;; Wwas cruslled in while al;;;ghtmg at ‘night-,, Next
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~morning, the seaplane took off faultlessly with a,singiéffidaﬁfﬁaf

and alighted after a completed flight. Therefore, I do mot

really think that an accident is unavoidable when ajwingwtip

float comes off.

#

F. 7. Diemer: The lecturer has not referred to the impor-

tance of the planing angle (angle at which the hull is set to

the surface of the water) during tank tests. This angle can
exert a considerable influence on the resistance. To get a com—
plete idea of resistance conditions, the resistance curves

should be measured over a speed range for different loads and
different positions of trim, a much higher number of observa-
tions being thus required. A set of resistance curves is then
obtalned, from which the most favorable take-off conditions for

a given hull shape can be determined, provided the change of
aerodynamical 1ift resulting from a different position of trim-
is teken into consideration. I do not agree with the lecturer

as to the effect of the 1ift on the take-off, which he consid-
ers to be negligible. When speaking of hull shapes, the lecturer
emphasized the advantages resulting, according to tank tests,
from a sharp V-bottom. I think no general conclusions should be
drawn from test results, as they are liable to;be,premétufé. .
In this connection, attention is drawn to the following points
which, along with the V-bottom, may affect the seaworthiness

,and,takeeoff ability.



N.A.C.A. Technical Memorandum No. 437

The'length of the hull portion’lyiﬁg in fi6

compared w1th the pOSltlon of the c.g. aad Wlthwth@»

gyration of the whole seaplane around the transverse axis: ,
should be considered for the determination of the att;tu@ecgf‘ffi
the seanldne on rough water. If a point oif the hullybdttém'at
a distance x, from the CeEo receives a vertical acceleratlon

b, from a head wave, the required force is

ot (1 o2 4D 1
P =Gt (1 e ng (1)
where G = total weight,

G' = the part of the total weight not
supported by the wings,

g = acceleration due to gravity,

i = radius of gyration.
As soon ag P Dbecomes <« G' there is

(2)

0 o’

¢ £
:?

For the force acting below the c.g., formula (1) changes to

b
¥ g

f Thls curve is plotted in Flg. 71. Its turning p@lnt lies o
at P g gor bo ad G' = G, the abscissa of the turn«‘~v

. ‘ylng polﬂt becomes = 1.
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Fig.71

The highest local stress exerted by a wsve is reduced with
increasing distance of the c.g. from the point of the wave im-
pact and with decreasing radius of gyration.

It is therefore quite possible that no higher stresses are
imposed on a hull with a long front portion than on & short V-
bottom hull. Shorter hull and higher moment of inertia of the
seaplane call for sharper linés of the front part to withstand
the impacts of the wpves.

The development of the V-bottom over the whole length of
the hull has a considerable influence on the formation of spray.
If the cross members are sharp-edged at the bow and graduallyJ
flattened out toward the rear, no ép?ay will be thrown up from
under the chine at high speed and the waves will be steadily
deflected toward the surface of the water. These facts were

confirmed by successful tests with motor boats of the so-called



From the a,bova remaxks, m will be understeod th

, ”case Varlous addltlonal p01nts must be taken inte con51deramlon'° “”ﬁ

for the determination of hull shapes, these points having a«dln-
rect bearing on the required characteristics of the lines.
Therefore, one should be very cautious in applying acquired exm‘ﬁ;
~perience to new designs.

In view of the success obtained with English sharp Vubottom$ 
flying boats it should not be forgotten that, so far as I know,

their wing and power loading is much lower.

A comparison of the "factor" (power loading x ./ wing 1oading}
affords a good basis for the calculation of toke-off character-
,istiCS which are not substantially affected by the aerodynamical

‘  properties of the seaplane. This factor lies between 65 and 70

' ?Jffor wood German flylng boats. I should like to know this factor

‘li h flylng bomts and I am sure that flqtter German sear

:“d a comparlson,




B

gt~ y~hawe don; in cuher coun

not,very much exceed that of Itallan wcod

S"Jl'le s:f.ze .

Professor Von Karman states that‘a‘graphicalwméthdd of

calculaxion based on hydrodynamical tests has been‘developed'by? 
Mr. Verduzio for the determination of seaplane take-off curves,
This method is outlined in the "Lectures on Hydrodynamics and
Aerodynamics,! Innsbruck, 1922,

Referring to Dr. Madelung's remark, Professbr Von Karman
pointed out that very satisfactory test results were obtained
at the Aachen Technical High School, with an adjustable single-
wheel landing-gear model. .

Dr. Roland Eisenlohr: In reply to Dr. Madelung'é arguments,

1 beg to state that we already had a single-float seaplane in
fGermamy in 1911, namely, the 135 HP. Kober-Friedrichshafen bi-

laney At that time this biplane competed with an Albairos ;
Llost biplane piloted by Hirth in the 50 kg (110.2 1b,) cir-




“*f:oan be braced from the w1ags Which oannot be'dene 3

‘f*{glﬁg.geax, Besides, it increases considermbly the helght“

‘*con91derable advaﬁtagw‘

~7‘f‘framewark.~ The framework helght of a flcat biplane is actu , §‘

- that of a trlplane while a float monoplane has the height of
a biplane (for example, the unbraced Brandenburg monoplane).

When applied to cantilever wings, the lateral distance between

Hhe. Blbate. Wbich might be used £or the framewdsk ahd the helphh
of‘the twin-float system, lose their importance. It appears‘tof{
me that the Dornier flying boats followed a logical course of y
development, the central hull independent of the wings being
develbped simultaneously with the cantilever wing. Under theseﬁa‘
conditions, it would be wrong to let a braced biplane miss the
advantages of the twin-float system and a oantileVei mbnoplane
assume its disadvantages.

With reference to the superiority of the Dornier Wal hull,

it seems to me that it lleS chiefly in the shape of the hull

°f:the Stﬂp. I call partlcular attentlon to the questlon ®f7 @

Mz iﬂérrmann. The shert hull shapeko
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' H. Herrmann (Conclusion): I beg to thank Messrs. Madel

Boykow and Eisenlohr for the completion and fectifiCaiidn,Omey\,‘°*

lecture. In reply to Mr, Diemer's arguments, I should say that
a normal tank test is based on the detérmination of the best
position of the c.g. I assumed the general theory of tank tesgts
to be known. The influence of the position of the c.ge. with
reference to the step is evidenced by the text accompanying
Figs. 17-25. The forthcoming Hamburg article will contaim fur-
ther information.‘

Mr. Diemer's calculation proves with particular clearness
that the step receives the highest impacts and should therefore
be of V-bottom shape. I have repeatedly emphasized the necessi-
ty of a long bow.

The "factor" is often used in Germany for the determina~
tion of airplane characteristics. This "factor" affords but
little informgtiom. Performances, maneuverability, attendance,
number of current repairs, price and many other important data
are never to be found in books or in publications isgued by air-

plane firms.

Translation by W. L. Koporinde, Paris Office,
National Advisory Committee
for Aeronautics. :
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Fig.34 Lines of the P5. Design of the hull by Linton
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Fig.55

Fig.56

Fig.57

Landing gear of the Friedrichshafen F.49.B.
Hany struts.

Landing gear of the Udet U.13. "Bayern". Few
struts. Strong horizontal connecting tubes.

'Landingggaar of'the Curtiss OS torpedo carrier.-



Fig.58 How the landing gear should not be
designed.
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